The role of GSH depletion and toxicity in hydroquinone-induced development of enzyme-altered foci.
Hydroquinone (HQ) may activate oxygen via redox cycles in biological systems and may also deplete glutathione (GSH). Both these reactions are potentially harmful, and we have studied their possible involvement in hydroquinone-induced development of gamma-glutamyltranspeptidase (GGT)-positive enzyme-altered foci in rat liver. The effect of HQ was compared to the effect of duroquinone, catechol, resorcinol and phenol. The dose was 100 mg/kg per day and the test substances were administered for 7-12 weeks in these foci experiments. HQ gave an increased number of foci and increased the foci volume, while none of the other compounds had any significant effect on these parameters. HQ, duroquinone and resorcinol were also tested at a higher dose level (200 mg/kg per day), but this dose gave a lower number of foci than the 100-mg dose. HQ, duroquinone and catechol induced single-strand breaks in hepatic DNA. Single doses of HQ (200 mg/kg) increased malondialdehyde excretion in urine, indicating in vivo lipid peroxidation. Duroquinone, phenol and resorcinol were negative with respect to malondialdehyde excretion. Catechol could not be properly tested as the 200-mg dose killed several animals. HQ and catechol induced hepatic ornithine decarboxylase activity. This effect was correlated to GSH depletion. An in vitro model for toxicity studies with hepatocytes from carcinogen-treated rats was also used. In this model HQ could be shown to be selectively toxic to GGT-negative cells in the presence of extracellular GSH. The toxicity was preceded by a rapid depletion of GSH. Catechol also depleted GSH and could be shown to be selectively toxic, but higher concentrations than those used for HQ had to be used. Duroquinone, phenol and resorcinol were not selectively toxic to GGT-negative cells. As duroquinone can be regarded as a more potent inducer of redox cycles than HQ, it can be concluded that the foci data provide no evidence for an involvement of redox cycles in HQ induced development of enzyme-altered foci. They suggest that GSH depletion may act to develop enzyme-altered foci, and the in vitro data indicate a mechanism by which GSH depletion and toxicity may induce this effect.